The moisture content in forest harvest residues is a key factor affecting the supply cost for 31 bioenergy production. Fresh harvest residues tend to contain higher amounts of water thus 32 making transportation inefficient. Additionally, fresh harvest residues contain greater amounts 33 of needles and bark that may reduce the content of polysaccharides, thus, affecting the 34 production of liquid fuels derived from cellulosic components. In this study, we estimated the 35 downstream economic effect in the supply chain of collecting, grinding, transporting and 36 pretreating fresh versus aged residues. Specifically, we analyzed the effect of feedstock moisture 37 content on grinder fuel consumption, bulk density, needles and bark content and polysaccharides 38 proportion. Fresh forest harvest residues were 60% moisture content (wet basis) and aged forest 39 residues were 15% moisture content. The bark and needles proportion is 6.1% higher in fresh 40 versus aged residue. Polysaccharides were 26% higher in aged residue as compared to fresh 41 residue. On a dry tonne basis, the cost of grinding fresh residues was about the same as aged 42 residues. However, considering the difference in bulk density on transportation cost and the 43 difference in polysaccharides yield, the value gain for in-field drying range from USD 29.6 to 44 74.9 per oven-dry tonne. 
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77
One first step is to evaluate the effects of grinding and transporting fresh versus aged residues in 78 the supply chain to estimate the opportunity cost that may benefit landowners by giving them 79 incentive to develop moisture management strategies.
80
The effect of moisture content on the quality of feedstocks and moisture management optimize storage time and minimize total forest residue supply cost to a bioenergy facility.
88
Research has addressed moisture content in the forest biomass supply chain (Acuna et al., 2012) , 89 however many field drying cost estimation and optimization models are based on assumptions 90 rather than actual data from controlled tests that could bring an operational perspective and 91 solution to the problem. By analyzing the operational impact of moisture content in the supply 92 chain it could be possible to identify benefits that could be accrued to a number of the 93 participants in the chain.
94
This analysis could help to quantify the value gains of implementing moisture 95 management strategies by estimating the economic effects in grinding, transportation as well as 96 the potential pretreatment polysaccharides yields (for biochemical pathway conversions) for 97 fresh versus aged harvest residues. We focus on harvest residues comminuted in the field using grinders and loaded and transported in chip vans. Specifically, we discuss differences in grinder 99 fuel consumption, bulk density, bark and needles content, and polysaccharides yield. We 100 quantified each of these variables and analyzed their effect on the supply chain costs. This study 101 is part of a series of studies to understand the effect of feedstock characteristics on the economics 102 of the renewable aviation biofuel supply chain from forest harvest residues (Zamora et al., 2014, 103 2015 and 2016). The initial study reported on the effect of different grinder bit types and screen 104 sizes on fuel consumption and bulk density in aged residue (Zamora-Cristales et al. 2015) and 105 provided the information to understand the cost of processing and transport aged material In this 106 study we focused on the effect of fresh versus aged residue on fuel consumption and bulk 
Materials and methods

110
Residue collection process 111 We processed 40 tonnes of fresh and 40 tonnes of aged forest harvest residues from two 112 managed 45 year-old Douglas-fir (Pseudotsuga menziesii) stands. Aged residues were collected 113 from a harvest unit located 25 km north of Springfield, Oregon, USA (44°11'21"N,
114
122°59'15''W). Residues were produced during timber harvesting in late winter and they were 115 left in piles for approximately five months. Fresh residues were collected in January following 116 timber harvesting from a harvest unit located 28 km southeast of Springfield, Oregon, USA 117 (43°53'57"N, 122°47'10''W). Both fresh and aged residues were transported to a centralized 118 yard where residues were processed. During the following summer season, aged residues were 119 placed in windrows in the centralized yard for two weeks to facilitate additional drying prior to 120 grinding. Moisture content of aged residues, when ground, was measured at 15% (wet basis).
Fresh residues when ground had an average moisture content of 60% (wet basis). Both types of 122 residues consisted mainly of branches and tops with diameter averaging less than 10 cm and an 123 average length of 1 m. Fresh residues were not only wet, but fresh in the sense that residue was 124 processed just four weeks after harvesting. Four weeks can result in major drop of moisture 125 content however this depends on how, where, and when the material is piled. Scattered material 126 can dry quickly, but when piles are large it is difficult to lower moisture content. In this case the 127 material was collected in the winter rainy season thus, no major loses in moisture occurred. protocol for biomass compositional analysis (NREL, 2015) . In this method a 500 g analytical 158 sample for each trial was taken and reduced to less than 1 mm particle size using a Wiley mill.
159
Once the material is resized, an analytical two step acid hydrolysis procedure is performed to 160 obtain the proportion of polysaccharides, lignin, acid insoluble (Klason), and total extractives. 
164
When such a feedstock is treated via a biofuels production simulation using the Mild
165
Bisulfite pretreatment process (Zhu et. al. 2015) 
Statistical Analysis
170
To estimate statistical differences in the variables under study (grinder fuel consumption, 171 polysaccharides content, bulk density and bark and needle content) by type of residue, we ran 172 statistical tests to check normality, and equal variance assumptions. We also performed a t-test 173 to identify statistical differences between the two types of residues. We assumed that p-values 174 below 0.05 indicate strong evidence of a difference between the two elements compared.
175
Economics of collection, grinding and transportation
176
In gentle terrain, residues may need to be piled and transported to the most cost-effective landing 177 for grinding. Collection cost in this study was assumed to be USD 22.00 per oven-dry tonne Grinder operational productivity was estimated as the product between the theoretical 208 productivity and the machine utilization rate from the simulation model (Eq. 2).
209
(2) ‫݀ݎܱܩ‬ = ‫݀ݎܶܩ‬ * ܷܶ% The cost difference, Cdiff, can be interpreted as the maximum cost per oven-dry tonne that could 294 be expended on a management program to deliver aged residues rather than fresh residues to the 295 conversion facility.
297
Results and Discussion
298
For fuel consumption, a statistical difference was found between aged and fresh residue (p-value 299 <0.001 from a t-test). Grinder fuel consumption per tonne of aged material is more than double 300 that in fresh material (Table 1) . Fuel consumption per wet tonne in grinding aged material was 301 higher than in fresh material due to the differences in moisture content and also possibly due to 
305
In this study, the grinding hourly cost only varied by fuel consumption, but other 306 operational factors that may affect productivity, such as equipment balancing (availability of 307 trucks) and bit replacement, were not considered. However, if truck availability is a factor, fresh 308 residues would be penalized more than aged residues, because more trucks are required per dry For wet bulk density, significant differences were found (p-value<0.0001 from a t test) in 315 aged residue compared to fresh residue (Table 2) . Wet bulk density of fresh residue is 2.1 times 316 the bulk density of aged residue. Wet bulk density of fresh residue was significantly higher than 317 in aged residue causing the trailer to be weight limited. When the material is aged, it was 318 estimated that the truck would be volume limited. Alternative technologies such as the use of 319 blowing devices when loading could be used to compact aged residues, and thus, increase the 320 amount of residue per trailer per trip (Zamora et al. 2014) . These devices will add a comparative 321 advantage that will increase the cost benefit of aged compared to fresh residue.
323
The bark and needle content of the aged biomass (Table 3) , as a percentage of the dry changes in weight that affect the power required to overcome air and rolling resistance (Table 5) . The amount of fresh residues needed to deliver the same amount of material per dry tonne from 376 aged residues was calculated based on hydrolysis yield (Table 6 ). This results indicated that 377 26% more fresh material would be needed to supply the same amount of sugars as from aged 378 material.
379
Adding all the variables under study we estimated the differences in cost across the 380 supply chain (Table 7) . The potential value increase of letting residues age before delivery is 381 equal to the difference in cost between fresh and aged residues to deliver an equal volume of 
Sensitivity Analysis
390
Transportation has the most variation (Table 7) . For transportation cost, we implemented a 391 sensitivity analysis by decreasing and increasing the transportation cost by 20% and leaving the 392 others costs (grinding and collection) unchanged (Figure 4 
